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FOREWORD

This publication was prepared under contract for
the Joint Publications Research Service, an organization
established to service the translation and foreignelanguage
research needs of the various federal government depart=
. mepts,
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ISOLATION, PURIFICATION, AND CERTAIN PROPERTIES OF THE
L TYPE B CL. BOTULINUM PROTEINASE ,

Z_ollowing is a translation of an artlcle by
I.Pe¢ Ashmarin, I.V, Vorontsov, V.M. Yenichev,
and Ye,P. Lukin in Biokhimiya (Biochemistry),
Vol XXVII No 5, Moscow, 1962, pages T788-793./

The proteolytic enzymes of type B Cl: botulinum have
been comparatively little investigated., Mashmann offered a
general characteristic of proteasces_produced by clostridis,
in particular by Cl. botulinum 1- 7P He established the
the presence of two types of proteinases, one of which is ac-
tivated by certain reducing agcq 8 and the other is not sus-
ceptible to them, Normal serum inhibited the activity of
both types of proteinases, but in a different degree. Accord-
ing to the phases of development of cultures characterigzed
by an accumulation of one or the othor proteinase, as well as
according to the analogy of the effect of reducing agents
upon the intracellular proteases of animals, the first of the
above-mentioned clostridia protcinases belong to the category
of intracellular and the other -~ to that of extracellular
enzymcs. The peptldades detected in €l. botulinum cultures
also bolong to the intracellular enzymes, Millonig isolated
from the "Okra" strain cultures a Cl, botulinum B proteinase
which proved to be an aminopeptidase, distinguished by a rery
wide action spectrum ZR7. In classifying it among the intra-
cellular protcases, Millonig pointed out that the strain which
he had investigated forms only very small amounts of the X~
tracellular proteinase,

The object of the present investigation was the pro-
teilnasc bf a comparatively high proteolytic strain No 175 of
Cl, botulinum B,, most active at pH levels of 6,0 to 8.0 and
apparontly recleted to extracellular proteinases,

Methods

The No 175 strain culturcs of Cl, botullnum B werc
grown on a medium of a hydrolysate of fishbone flour with
corn extract /57, Two modifitations of the medium were usod, ‘
which differed from cach other only in the content of soluble "\
calcium salts: 3 to 6 and 15-20 mg percent calculated on Catt,
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As a proteinase substrate we used caseln in the majority of
experimonts, purified by the Shlygin method /6/., The pro-
teinase activity was determined by the Chow-Peticolas mcthod
[i7+ For a unit of proeolytic activity (PU) in this method
the amount of enzymo 1is accepted which during a period of 15
minutes, at 379, and a pH of 7.&%7-8 transforms a definite
emount of casein into a state which cannot be precipitated
with a 3 percent-trichloroacetlic acide The concentration of
caselin which has remalned unaltorcd 1s determined by the do-
groe of absorption of passing light by & suspension formed
aftor the addition of trichloroacetic acid: ' For this purposc,
a series of dilutions of the tosted enzymic preparation arc
mixed with the casein solution (the final concentration of
tho lattor is 0,05 percent), are incubated under the abovc-
indicated conditions and, aftor'thg addition of trichloro-
_acetic acid, are compared according to the degree of light
gbsorption with a control mixturc, which contains casein in
a final concontration’ of 9.025 pcreent  (half as much as in
the tostud samples prior to incubation). The tested samplo
is markced which does not differ, in rcgard to light absorp-
tion, from tho control sample, or is very close to it. The
multiplc of cnzyme dilution in such 2 specimen obviously
equals the number of proteolytic activity units per unit of
volume of the investligated solution, The varliation cooffi-
ciont of the results of detcrainations is close to 10 pcrcont,

In studying the effect of a number of factors on pro-
teinasc, wc evaluated the activity of the latter not only by
the Chow and Peticolas method but also by the increase of
aminonitrogen, Protoin nitrogen was determincd as per Kjol-
dahl, and aminonitrogen -- as por Sorensohe

Investigation results

Proteolytic properties of the cultures

Shown in Figs. 1 and 2 are the proteolytic activity
curves in connection with the ag® of the culture, The great-
est activity is reached on the second (in some of the ex-
periments -- on the 3rd day of growth), and it remains at
this lovel until the Sth-7th day, after which it gradually
decreasess The concentration of calcium ions in the medium
has a considerable effect on proteinase formation; the rise
of concentration to 15-20 mg percent ‘Fig. 1) increases the
activity to 80 PU/ml. Addition of glucose (Fige. 2) to 0425
percent concentration reduces the activity approximately two-
fold.s It should be particularly pointed out that during the
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lgrowtn serlocs Lrom 2l hours to dcys the proteolytic acti-l
vity of winole cultures did not allfen Lrom the asctivity of

of micronial cells,

The data clted in Filg., 3 attest to the fact tnat re=-
ducing agents such as 0,04 M cystelne and 0,002 M Fel30; nob
only did not Increase but even decreased the proteolytic ace
tivity of L8=hour cultures, Normel rebbiteserum oniy slight-
1y innibited The activity.

In éxtractes from washed mlcronisl cells, obtalned 7
tne Raynaud metnod /8/, it was virtually impossible to de=-
tect any sHroteolytic activity (determined, as per Chow),
Pollowing a partial lysis of tne cells (by L5 percent~90
percent ), inwuced by the addition of gremlcidin (20 mkg/=L),
or by msang of dalalysls of two-day old cultures against dise-
tiiled water, Nno liveration of proteilnsse was observed.,
However, tue cniry of the culture into the phase of destruc-~
tion {Mze 3) wes accompanied by Ltho appearance in tne cule
ture fluld of proteases activatsd by cysteine and Fes),,
Similar 2roteincces were detectad in the ultrasonic lysates
of colls oi btiie ssme age,
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¢ Proveoclytic activity of Cle bHotullnum B cultures
2% a fwnetion of the content of calecium iong in
pae madium (ealculated ner Catt):

Y23
F‘.
(.

L == LE=-20 mg percent; II == S=6 mg percent,
g == FlU/mLl; b == days
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Fize 2. Proteolytic emetivity o the Cit, botulinum type B
e rlsure during the procsss ol cudtivation

T e yith tne adiition o7 U425 percent glucoss;
L -m witnout the adaltiom of glucose,

a = Fl/ml; B += days

Fige 3. af.ect of cysteine and bivelent lron upon protein-
”n

ase actavity of Cl, botulinum type 3 culturaes of
TArLIS age.

3lack columns -= 0,004 . ewveteine and 0,002 X
fewd, sdded;
Taité columns -- no r2dicint arents added,

o == increare of aminonitrc:en, in percentarces
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Isolation and purification of extracellular proteinase

Reliminary experiments have shown that various preci-
pitators of proteins effective at pH«5.0, and salts of
heavy metals irreversibly inactivate proteinase., This cir- ‘
cumstance limited the selection of precipitants and the con- C
ditions of their usei First; we employed fractionation with o
ammonium sulfate and ethanol at pH 6e4=7.0s The developed
method of proteinass purification is'.presented in the form of
a schemes

Four-day culture, pH 6,4-6.9

Removal of microbial cells and part of
ballast proteins by means of L9 percent
saturation with ammonium sulfate (the
latter is added in dry form; after dis-
solving the sulfate, the suspension is
kept for 17-19 hours at 6-8° and centri-
fuged at 500-1000 g for 15-20 minutes at
6-20°), L

Precipitation of proteinase from the
over-precipitate fluid at 70 percent ‘"
saturation with ammonium sulfate (the L
same precipitation conditions)

13

\p

Extraction of the precipitate with 1/15
M phosphate buffer solution, pH 7.0,
volume -= 1/10 of the initial one,

\

Removal of the undissolved part of the
?recipitate by means of centrifugation
500-1000 g, 16-20°, 15-20 minutes).

. The over-precipitate fluid represents
. the primarily purifled proteinase pre-
paration, 3

Precipitation of ballast proteins from

the primarily purified preparation, at
ethanol concentration of 50 percent cof \

1lst stage
Fractionation with
smmonium sulfate

5 !
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Wakiny

/the volume (the same centrifugation r
conditions, but the temperature is rom

4° to 12° ¢ A‘
Second stage | PrécipitatiOn‘of proteinase from the
Fractionation with | over-precipitate fluid at ethanol con-
ethanol at 0°=4° | centration of 75 percent (the same cent-

rifugation conditions).

‘Dissolution of.the proteinase precipi-
tate in 1/15 M of phosphate buffer mix-
ture, pH 7.0, volume 1/20-1/50 of the
initlal ones Secondarily purified pre-
paration.

~—— v

j Addition to the secondarily purified
protelinase preparation of activated
, carbon, as per calculation of three
grams per 100 ml, at pH 7.0. Vigor-
ous shaking for 10 minutes,

2

Removal of carbon by means of centri-
fugation (10-15 minutes, 16°-20°, 500-
1000 g) and filtration through vege-
table paper pulp (two to three cm layer).

Third stage
Additional purifi-
cation by means of
adsorption of admix.
tures on activated
carbon which had
been preliminarily
washed twice with
distilled water

_ A comparetive description of proteinase preparations
at various steges of purification is shown in the table,
After a double purification the specific activity varies
from 750 to 3410 PU/mg of protein nitrogen. However, the
preparations additionally purificd with activated carbon pos-
sess a falrly constant specific activity which does not de-
pend on the initial culture -- 2860 to 4000 PU/mg of protein
nitrogen. In one case (experiment No 5) we succeeded in ob~
taining after the second purlification a preparation with
3410 PU/mg activity of protein nitrogen, However. it is cha-
racteristic that this preparation could not be additionally
purified with activated carbon. The purified multiple, ob-
tained by mcans of our method, amounted to 51 to 218, de~ -

pending on the purity of the initial cultures, The yield in .
activity of the preparation after the third purification, as ‘
8 rule, did not exceed 20 percente V
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Table

Tebie | 1

Conpearctive characteristica ol srengratlions of cotue
t;num‘proﬁeinase, type %, at verlous stenes of ourie
fication (I, II, III) ' ’

i

Tne specific activity is oxpressed in FU/mg

protein 1ikhoren.

R
.

vxen@a men@?’cumocn Kpl@; ouméTka Bu@np«reunn:u B NpOueHTAX
Homep | axTumtocTs npenapaTon npenapaTos K BKTMBHOCTH HOXOZHOR KYABTYDS
OnuiTA | MCXOANLIX s |

kyayp |y | n | m | 1 n|m 1| o )
1 } 1 4 |08 moisnol 8 | 44| 28, 200 4 27 22
2 227 | 1820 | 3570 | 43 | 101 | 210 64 | 3 26
3 48 300 | 1303 ; 3000 ] 27 63 2% | 23 ; 20
4 } 36) | 1445 | 2880 8 32-| 60 3 ] 30 24
$Y) 217 | 3410 3570 | 3 81| 58 52 | 8 13
8 } 62 | 200 | 1430 | 3200 .3 23| o 58 54 | 43
7} 120 | 1900 | 4000 | 2 30| 64} 60 §7 38
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Juwnoer of exceriment

Specilic activity of the prinzary o.liures

Specific activity of preparvati :us
Puriiication-multiple of proirucions

Proteinase yield in percento.:s U0 taée setivity »
initial culture ' D
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Discussion of results

Strain No 175 of Cl, botulimum B proved to be a very
active producent of proteinases upon cultivation on liquid
nutritive media of hydrolysates of fish-bone Tlour with corn
extracts The considerable 1lncrease of concentration of pro=-
teinases in a medium of calclum ions merits attentione. There
is reason to assume that this effect of calcium ions is not
connected with the intensification of the process of formation
of poroteinases by microblal cells. At present, quite a few
data have been accumulated in the literature which permit the
assumption that calcium lons considerably increase the stabi -
11ty of a number of bacterial proteinases /9-11/., It is pos-
glble that protelnase concentration in the culture depends on
the correlation of the rates of formation and destruction of
the enzyme. In this case, the retardation of the latter pro-
cess by means of calcium ions may result in an increase of
proteinase concentration,

The reduction of intensity of formation of botulinum
proteinase upon addition:r of glucose is anslogous to the ef-
fect of certain carbohydrates on the production of proteinase
by the cultures of B, pyocyaneous [Tg?. Although the problem
of the functions of bacterial extracellular proteinases is
still far from a final solution/12, 13/, it is nevertheless
natural to assume that in the absence of glucose or any ot her
assimilating carbohydrate as a source of energy, the microor-
ganism is compelled to utilize the protein or products of its
incomplete fission in the medium, in which case an increased
protelnase formation is essential,

The obtained data attest also to the fact that strain
No 175 of Cl, botulinum B is capable of producing at least
two proteinases. The first of these 1s not activated by the
reducing agents and is partially inhibited by normal secrum.
This enzyme reaches conslderable concentration as early as
during the logrithmic phase of the development of the culture:
However, the increase of activity partially continues also
during the stationary phase, In the lysates of washed micro-
bial cells no substantlial amounts of proteinase could be de-
tecteds Thec second proteinase is clicited only during the
phase of thc destruction of the culture through its propertw
of being activated by cysteine and FeS( . In contrast to the
first proteinase, 1t 1s detected also i% lysates of the micro~
bial cells. All this permits us, with sufficient reason, to
place the first proteinase in the cxtracellular category, and

8t take Into account a certain conditionality of such a
sion,

we
div

theiiecond -= in that of the intraccllular enzymes, althougﬁ\\
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